A highly sensitive and specific method for quantitation of ketamine and two of its metabolites found in monkey, dog and human plasma was developed using a gas chromatography selected ion monitoring assay operated in both electron impact and chemical ionization modes. This technique yields excellent precision, reproducibiiity and accuracy. From 1 ng to 3 pg of ketamine or its metabolites in 1 ml of plasma can be detected. The technique of electron capture gas chromatography is compared. AU three assays were found to be quite useful but the gas chromatography mass spectrometry techniques were more specific.
INTRODUCTION
Earlier studies for the assay of ketamine 2-(o-chlorophenyl)-2-(methylamino)-cyclohexanone HCl (1) have been carried out with fluorimetry' and gas chr~matography.~-~ Although the latter technique provides sufficient sensitivity for routine clinical use, undesirable interference sometimes occur, particularly with flame ionization when the size of biological samples is limited or when the drug concentration is very low.
It is our purpose to develop a sensitive, selective and specific method of quantitative analysis of ketamine and its metabolites in plasma, a suitable assay for plasma samples which have widely varying drug levels that could be used in pharmacokinetic studies. A significant increase in sensitivity and specificity of detection using a gas chromatograph mass spectrometry computer system (g.c.m.s. com.) was achieved in the assay reported herein.
EXPERIMENTAL Extraction and derivatization
The extraction and derivatization of ketamine (1) was that of Chang and Glazko. 2 The flow diagram of the procedure is shown in Fig. 1 . CL-394, the o-Br analog (2) of ketamine, was used as the internal standard. Ketamine, CL-394 and ketamine metabolites were provided generously by Dr A. J. Glazko, Parke, Davis and Co., Ann Arbor, Michigan. Heptafluorobutyric anhydride was obtained in 1 ml ampules or a 25 g bottle from Pierce Chemical Co., Rockford, Illinois. 'Nanograde' solvents were obtained from Mallinckrodt Chemical Works, St Louis, Missouri. The column packing, 3% OV-17 on 100/120 Gas Chrom Q, was obtained from Applied Science Laboratories, Inc., State College, Pennsylvania.
Analysis
Quantitative analyses were made on two different instruments. The first was a Finnigan 3200 g.c.m.s. com. system operated in electron impact ( e i ) and chemical ionization (c.i.) modes and the second a HewlettPackard 76 10A gas chromatograph equipped with an electron capture detector of Ni63. For the analysis with the Finnigan a 5 ft X 2 mm glass U-tube column packed with 3% OV-17 on 100/120 mesh on Gas-Chrom Q was conditioned by heating overnight at 250 "C. The g.c. conditions were: column temperature 180 "C isothermal, injector temperature 210 "C. In g.c.m.s.e.i. the electron energy was 25 or 70 eV. The carrier gas flow (He) was 20 ml min-l. The glass jet separator temperature was 210 "C. In g.c.m.s.c.i. the reactant gas methane was run at 380 microns pressure. Electron energy was 70 eV. The Hewlett-Packard was equipped with an automatic integrater. Column size was 6 ft X 4 mm Utube glass column packed with 3% OV-17. Argon+ methane (95 : 5) gas was used as the carrier gas. The unit was operated isothermally at 175 "C with the detector maintained at 250 "C.
RESULTS AND DISCUSSION
The metabolic products of ketamine were first identified in plasma, urine and bile by Glazko and Chang.5r6 Both ketamine metabolite l a and ketamine metabolite l b can be detected in small amounts in plasma after ketamine administration.2 The structures of the derivatized compounds are shown in Fig. 4 . The extraction and derivatization procedure for ketamine and its metabolites from dog, monkey and human plasma provided excellent gas chromatographic separation. Derivatization was necessary since without it both ketamine (1) and CL-394 (2) showed peaks with small shoulders when run in a gas chromatograph with a flame ionization detector. However, after derivatization, sharp and symmetrical peaks were obtained. Ketamine metabolites l a and lb, which are primary amines, are also extracted and derivatized with the same procedure so all three compounds can be detected in a single plasma sample. A typical total ion chromatogram with approximately 100 ng of 1, la, l b and 2 extracted from monkey plasma is shown in Fig. 2 . Similar chromatograms were obtained with either e.i.
(using an electron energy of 25eV) or c.i. (using methane at a pressure of 380 microns). The mass spectra of the heptafluorobutyryl derivatives are illustrated in Figs 3 CL-394 (3 pg) (internal standard) was added to monkey plasma (1 ml) containing known amounts of 1, l a and l b and extracted and derivatized as described in Fig.  1 . Aliquots of the (1-2 pl) sample were analyzed. Each sample was analysed twice and the two peak area ratios averaged. Standard curves of peak area ratio under e.i. conditions were linear and passed through the origin for all three compounds (Fig. 5) . The ratio of fragment m/e 210/210 was used for 1 and 102/102 for both l a and lb. Similar linearity was obtained using c.i., as shown in Fig. I 6. The analysis of ketamine and its two metabolites by selected ion monitoring is shown in Fig. 7 . The ions monitored were m/e 210 for 1 and 2 and m/e 102 for the metabolites. Ions m/e 356 and m/e 3 14 for l a and l b were also monitored for identification purposes. The specificity of this technique is exemplified by the lack of contamination in the background spectrum and the presence of characteristic fragment peaks (Figs. 7 and 8) . Similar results to those found with monkey plasma in both the e.i. and c.i. modes were obtained also from dog and human plasma extractions to which 1,2, la, and l b were added in varying amounts. plasma using electron impact selected ion recording. The internal standard (2) was 3 p g ml-' of plasma, while the ketamine and its metabolites were varied as shown. Of the final extracted volume of 2 0~1 , 1pI of sample was injected. Hence, the total amount added was 1/20 of the total amounts shown. A total of 25 ng can very easily be detected. About 1 ng is a reasonable limit of sensitivity. 
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especially c.i.) method will prove more useful where specificity is essential. One of the disadvantages of the g.c.e.c. assay is the elaborate extraction and derivatization outlined in Fig. 1 . This was used for our g.c.m.s. assays too. One might save considerable time by trying an on-column or precolumn derivatization using heptafluorobutyric anhydride for direct g.c.m.s. com. analysis of the separated products. This might be preferable to the rather involved sample procedure we have used. However, our assay is quite satisfactory as described, for the samples are relatively quite clean. We would like to stress that the postulated ion structures in Tables 1 and 2 are not supported by high resolution, metastable, or stable isotope incorporation experiments and are to be taken as only a first approximation pending future research.
